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Why DoWe Need Prompt
Engineering?
Ask an LLM the same question in two different ways, and you may get two very
different answers. Give it an example, and the answer often becomes more
consistent. Add the right context, and the model may suddenly produce the
response you wanted all along.

Nothing about the model itself has changed, so why can a few lines of text
change its behavior so much?

That question is the beginning of prompt engineering. To answer it, we first
need to look beneath the chat interface and trace the machinery that an LLM
inherited.

1. The Lineage Behind the Chat Interface

The conversational interface makes an LLM feel unlike earlier software. You
type a question, and something on the other side appears to understand what
you mean, reason about it, and compose an answer. Yet the novelty of this
experience can hide the machinery underneath. An LLM is not disconnected
from the history of machine learning; it is the latest development in that
history:

Artificial intelligence -> machine learning -> neural networks -> deep
learning -> large language models.

Each step in this lineage emerged because the previous approach ran into a
limit. Imagine that we want software to recognize spam. We could write rules
for suspicious phrases, senders, and links, but new forms of spamwould appear
faster than we could maintain the rulebook. A more adaptable approach is to
show the software many previous messages and let it discover which patterns
tend to separate spam from legitimate email. This shift—from programming
every rule to learning patterns from data—is the basic move behind machine
learning.
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Whether the rules are written by a programmer or learned from data, the
task has the same outer shape: an email goes in, and a classification comes out.
Machine learning changes how that relationship is discovered, not the fact that
the result depends on what the system receives.

Once we ask machines to work with images, audio, or language, however,
the path from what they receive to what they must produce becomes far more
complicated. A sentence cannot be classified from one word or one fixed rule;
its meaning emerges frommany features interacting at once. Neural networks
help because they can learn these layered relationships. What began with
relatively simple structures such as the perceptron developed into multilayer
networks capable of representing increasingly complex transformations.

As researchers added more layers, larger datasets, and more computa-
tion, these networks became the foundation of deep learning. An image
could become a label, audio could become a transcript, and one piece of
text could become another. Large language models apply this machinery to
language at extraordinary scale. The inputs and outputs have changed, and
the transformation between them has become enormously more capable, but
the dependency remains: what the model produces still depends on what it
receives.

That recurring dependency gives us the first mental model we need:

However intelligent the output appears, the model is still producing
it from an input.

Wehave described that relationship informally. Nowwe can express it more
precisely.

2. The Input‐Output Relationship

Supposewe give amodel an image and askwhether it contains a cat. Themodel
receives the image, processes its features, and produces a prediction. We can
express this relationship with a simple abstraction:

Model(x) = y

Here:
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• x is the input, such as an image, a row of data, or a piece of text.
• Model is the learned function that transforms the input.
• y is the resulting prediction or output.

The purpose of training is to make this mapping useful. We begin with
a large collection of example inputs paired with desired outputs, (x, y). The
model makes a prediction for each input, compares that prediction with the
expected output, and adjusts its internal parameters to reduce the difference.
Repeating this process across many examples gradually shapes the model into
an approximation of the relationship contained in the data.

Neural networks became especially important because they can approxi-
mate extremely complex functions while still being trainable through gradient-
based optimization. As the networks, datasets, and available computation
grew, the mappings they could learn became increasingly powerful.

An LLM uses this machinery to learn patterns in language. Given the text
in its input, it assigns probabilities to possible next tokens and generates a
continuation from those possibilities. We will examine that process in more
detail later. For now, we can preserve the same simple relationship:

LLM(x) = y

The simplicity of this equation hides an important consequence:

An LLM does not respond directly to your intention. It responds to
the input through which your intention is expressed.

That difference between intention and input is where prompt engineering
begins. But before we can improve the input, we need to knowwhat it includes.

3. The Part We Can Control

For an LLM, x is not merely the final question you type. It can include
the instructions that define the task, background knowledge that frames the
subject, examples that demonstrate the desired pattern, constraints that limit
the answer, documents retrieved from another system, and the conversation
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that came before. The model generates its response from this entire context,
not from your unspoken goal.

This distinction matters because most of us cannot change the model itself.
Training or fine-tuning a large model requires data, computation, expertise,
and money, while the models we use through products and APIs usually arrive
with their parameters already fixed. We cannot easily change the function, but
we can change what we give it. The practical variable available to us is x.

Prompt engineering is the deliberate design of x to produce amore useful
y.

This does not mean every weak answer is caused by a weak prompt. Models
have limits, generation contains uncertainty, and some tasks exceed what
a particular model can do. Yet the quality of the input still matters within
those limits. A vague prompt leaves the model to infer the task, the relevant
context, and the desired form of the answer. A contradictory prompt pulls it in
competing directions. A well-designed prompt reduces these ambiguities and
makes a useful result more likely.

Prompt engineering is therefore not a collection of magic phrases. It is
the practical work of translating an intention into an input the model can act
on: choosing the instructions it should follow, the context it should use, the
examples it should imitate, and the boundaries it should respect.

That is the first principle of this discipline:

If x is the part of the system we can control, then improving x is the
most direct way to improve y. Prompt engineering uses structure,
context, and constraints to reduce ambiguity in x, narrowing the
range of plausible outputs toward the y we intend.

That principle gives us a destination. The rest of this book is about how to
design x deliberately rather than by trial and error.
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